Cognitive impairment, particularly involving dysfunction of circuitry within the prefrontal cortex (PFC), represents a core feature of many neuropsychiatric and neurodevelopmental disorders, including depression, post-traumatic stress disorder, schizophrenia and autism spectrum disorder. Deficits in cognitive function also represent the most difficult symptom domain to successfully treat, as serotonin reuptake inhibitors and tricyclic antidepressants have only modest effects. Functional neuroimaging studies and postmortem analysis of human brain tissue implicate the PFC as being a primary region of dysregulation in patients with these disorders. However, preclinical behavioral assays used to assess these deficits in mouse models which can be readily manipulated genetically and could provide the basis for studies of new treatment avenues have been underutilized. Here we describe the adaptation of a behavioral assay, the attentional set shifting task (AST), to be performed in mice to assess prefrontal cortex mediated cognitive deficits. The neural circuits underlying behavior during the AST are highly conserved across humans, nonhuman primates and rodents, providing excellent face, construct and predictive validity.
Introduction
The attentional set shifting task (AST) was developed as a measure of attention and cognitive flexibility in rats over a decade ago 1, 2 . AST is modeled after the intradimensional /extradimensional component of the Cambridge Neuropsychological Test Automated Battery (CANTAB) which is used to identify cognitive dysfunction in humans and non-human primates 3, 4 . While the ability to learn simple rules remains intact, deficits in learning to modify a response when the rules have changed are found in patients suffering from a variety of neuropsychiatric disorders (i.e., schizophrenia, obsessive compulsive disorder, depression), neurodegenerative disorders (i.e., Parkinson's disease) and in patients with lesions to the pre-frontal cortex 5 . More generally, these patients are described as having deficits in cognitive flexibility. Analogous deficits have been shown in both non-human primates and rodents when lesions to the prefrontal cortex have been induced 1, [6] [7] [8] . These deficits indicate a state of cognitive inflexibility or an impaired ability to shift attentional set.
An attentional set is formed when a subject learns that a set of rules can be applied to complex stimuli in order to differentiate relevant from irrelevant cues. For example, in the AST, animals will learn to pay attention and respond to the relevant cue (i.e., digging medium) and ignore an irrelevant cue (i.e., odor), by pairing a food reward with the medium. This association is then reinforced in subsequent tasks where the type of digging medium and odor changes, but the paired association between medium and reward remains. This reinforced rule forms a cognitive set. Two stages within the AST protocol measure aspects of cognitive flexibility: reversal and the extra-dimensional shift. At the reversal stage, the previously negative stimuli within one dimension (medium in this example) is now positive, which challenges the animal to ignore the positive stimuli from the previous stage. For example, if felt digging medium was the positive stimuli in the previous stage and paper was the negative stimuli, now the reverse is true. This challenges the animal's flexibility in that it must maintain the attentional set (i.e., medium is the relevant dimension) while altering the rule learned for stimulus and reward pair within a dimension. The formation of an attentional set is challenged at the extra-dimensional shift stage, when the irrelevant dimension (odor in this example) becomes the relevant dimension. A perseverative response, as indicated by a continued choice using the previously learned rule, at either stage reflects a deficit in cognitive flexibility.
Lesion studies in both non-human primates and rodents have shown specific regions of the prefrontal cortex can be attributed to the ability to perform particular stages of the AST 1, 9 . Lesions to the orbitofrontal cortex (OFC), a subregion of the prefrontal cortex (PFC), have been shown to induce deficits in reversal learning on the AST 8 . Additionally, lesions to the medial prefrontal cortex (MPFC) lead to specific difficulties in performing the extra-dimensional shift.
While numerous studies using the AST have been performed in rats and non-human primates, relatively few have utilized AST as a measure of cognitive function in mice. Given the ease of genetic manipulation in mice, and the critical need to measure prefrontal cortex function in studying a variety of disorders, adapting and validating this behavioral measure in mice is an important addition to research on diseases associated with 2. Spread a small amount of dirty bedding from the home cage in the chamber, this will reduce the stress of being in a new environment by introducing a familiar "home-cage" or "self" smell to the testing chamber (the same chamber will be used for a single mouse for the duration of training and testing). 3. Place a clean ramekin with water in the waiting area of the chamber; mice tend not to eat if they do not have access to water. 4. Place the two ramekins that have been used for food restriction in the testing area with a food reward (~20 mg cereal piece) in each. 5. Place the mouse in the waiting area; remove the start gate and allow the mouse to explore the chamber for 1 hr. 6. Continuously add food rewards (~20 mg cereal piece) to the empty ramekins in order to encourage the mice to explore the testing area and the pots frequently. 7. Ensure that the mouse can see the experimenter throughout the acclimation period so that the presence of the experimenter is not an added stressor during testing.
Training (Day 15)
1. Place the mouse in the waiting area. 2. Place the empty ramekins, each containing a food reward (~20 mg cereal piece), into the testing area and lift the start gate. Allow mouse 3 min to retrieve both food rewards. Repeat this step several times. 3. Gradually add sawdust/mouse cage bedding to the pots in subsequent trials. Allow the mouse 3 min to retrieve the food reward from each pot before ending the trial. Once the mouse has retrieved the food reward from each pot, proceed to the next trial. If the mouse does not make attempts at digging once the food reward is partially covered, hints may be provided (i.e., sprinkle cereal dust over area of the food reward, make an indention in the sawdust over area of food reward, uncover part of the food reward). 4. Continue adding sawdust/bedding after each trial until the food reward is fully covered and the mouse reliably demonstrates the ability to dig in a full pot to find the food reward. 5. If a mouse has not reliably demonstrated the ability to find a food reward in a full pot within 2 hr of the start of training, continue to a second day of training. Maintain the mouse on food restriction and repeat this procedure the next day. 6. If the mouse fails to dig for a food reward after two successive days, exclude it from the remainder of the experiment, and annotate as a "failed to dig" in the experimental record.
Testing (Days 16-17):
1. On day one, test simple discrimination (SD), compound discrimination (CD), reversal (R1), and intra-dimensional shift (IDS).
On day two, test the intra-dimensional shift 2 (IDS2), intra-dimensional shift 3 (IDS3), reversal 2 (R2; optional), extra-dimensional shift (EDS).
3. Pair media and scents as shown in Table 1 . 4. At the time of handling on testing day, give mice one food reward to avoid a lack of focus during testing due to hunger. From this point until the end of the testing day, do not provide any food except rewards for correct choices. 5. At the start of testing, using forceps (limits the spread of scents between pots), place a piece of the food reward in the pot that indicates a correct choice. The food reward should be fully covered by media (see Figure 3 ). To avoid a scent cue from the food reward, sprinkle cereal dust over all pots at the start of the stage. 6. Place the mouse in the waiting area with the start gate closed. Place the pots on either side of the testing chamber. The trial begins when the start gate is removed and the timer is started. Allow each mouse 3 min per trial to make a choice. Record the choice (correct or incorrect) and time until the mouse made a choice for each trial. NOTE: A "choice" is indicated by an attempt to dig in either pot. A dig is only recorded as a choice if the mouse has displaced the media and poked its nose far enough in the space it creates to find the food reward or displaced enough of the media to uncover the food reward. If a mouse has not made a choice within 3 min, this is recorded as no choice (incorrect). 7. Once a choice has been made for either pot, remove the pot that was not chosen from the testing chamber. If a correct choice was made, allow the mouse to finish the food reward before placing the mouse back in the waiting area. If an incorrect choice is made, allow the mouse to explore the pot to show that there is no food reward for that choice before returning the mouse to the waiting area. 8. At the end of each trial, place the mouse back in the waiting area and replace the start gate. 9. Ensure that the mouse meets the criterion of 8 correct trials consecutively to advance to the next stage of AST. If a mouse does not obtain 8 correct choices consecutively within 50 trials, it fails that stage and cannot move on to complete the test. 6 consecutive no choices (3 min without a choice) is a failure to participate and prohibits the mouse from moving on to the next stage.
Representative Results
The typical dependent measure in this test is the number of trials per stage to meet criterion (or 8 correct consecutive choices). Figure 4A shows the average number of trials to meet criterion at each stage in untreated C57BL/6J using the AST. As mice form an attentional set on the relevant cue dimension (odor or media), performance will improve, as indicated by a reduction in trials to meet criterion in successive intradimensional shifts, and the reversal stages and the extradimensional shift will require additional trials to meet criterion. It is important to counterbalance the number of animals that start on each of the two relevant dimensions (i.e., media or odor) as we have observed some difference at the simple discrimination stage reflected in an increased number of trials to criterion if odor is the relevant cue ( Figure 4B) . If the trials to reach criterion at the SD stage are significantly different between the two relevant cue dimensions (i.e., better performance when media is relevant as in Figure 4B ), performance data for each mouse during subsequent stages can be normalized to its performance during the simple discrimination stage. As illustrated in Figure 4C , this normalization step reduces variability associated with learning the initially relevant cue and enhances visualization of improved performance on the subsequent IDS stages. Although group sizes of ~20 mice will be sufficient to allow analysis of raw data without normalization. Importantly, a significant increase in the trials to meet criterion during the extradimentional shift relative to the previous intradimentional shifts indicates is an important control measure of the test validity (Figure 4D & 4E) . Prior to the ED shift stage, mice learn to pay attention to a single relevant cue dimension (odor or media) in order to locate the reward. The switch to a new relevant cue 
Discussion
Deficits in cognitive flexibility mediated by the PFC represent a significant disability associated with a variety of neurological and neuropsychiatric disorders, and can have a major impact on outcomes and quality of life of individuals suffering from these disorders. Optimization of the AST for use in mice is vital to investigating the genetic underpinnings in diseases coupled to prefrontal cortical mediated cognitive dysfunction. We have found that the method described above is a reliable measure of a specific cognitive deficit, cognitive flexibility, and closely approximates the results obtained using this task in rats and non-human primates. The method described is the result of an extensive survey of previously described protocols in rats and mice as well as advice and guidance of experts at our institution.
Previous reports using similar tasks in mice have demonstrated the adaptability of such a behavioral measure, albeit with several caveats 2, 6, 11 . Colacicco et al. limited the number of discriminations tested per day to 2, which spread testing over a four day period 11 . This included repetitions of previously learned stimuli pairs on consecutive testing days. While effective, the aim of developing the protocol presented here is to minimize the duration of the testing period and maximize efficiency. Here, we limit testing to a two day period and eliminate repetitions of previously learned stimuli pairs. Previous researchers have noted that mice require overtraining to form an attentional set and exhibit a small "window of testability" in which they will maintain effortful responding. Our protocol also involves modest overtraining on the intradimensional shift within the initially relevant cue dimension. Particularly when evaluating the normalized data in Figure 4C , it appears that mice tested in our protocol may exhibit a more pronounced deficit during the second intradimensional reversal (relative to the immediately preceding stage). This observation is consistent with the notion of overtraining in order to ensure formation of an attentional set, as mice also exhibited an ID/ED shift. One possibility as to why mice sustain effortful performance in our protocol (Figure 5) , which involves an average session length of 2 hr, may be due to utilization of a reverse light cycle. We tested behavior in an isolated and dedicated testing room under red lighting conditions during the first four hours of the dark (wakeful) cycle. However, systematic testing outside the scope of this method manuscript would be required to determine what factors contribute to the duration in which mice will continue to perform the AST, and if deficits in olfactory discrimination are suspected, prescreening may be warranted prior to testing as alternate odor-free methodologies have been reported.
Additionally, during the initial method development, we discovered that young adult mice (8-12 week old) performed with greater variability that slightly older 4-6 month old mice. We speculate that the food restriction protocol affects growing mice differently than more mature mice, and while, in a classic neurodevelopment sense, the mouse brain is considered fully developed by 6 weeks, it is possible that the transition from adolescent to adult maturity and early adulthood synaptic remodeling within the prefrontal cortex confound AST performance in younger mice. However, these fascinating questions remain to be explored.
Other variations of AST protocols in mice include "free" trials, meaning a designated number of trials (typically 4) at the beginning of each stage are not scored, and the animal is allowed to explore both pots until the reward is retrieved. The protocol detailed here does not include any "free" trials. In addition, we set the requirements to meet criterion more stringent (8 consecutively correct trials to criterion instead of the previously described 8/10 trials to meet criterion) and have found that this is an effective indicator of whether the animal has truly learned the rule. Garner et al. showed that a period of overtraining following an IDS (i.e., presentation of the previously relevant stimuli for an additional 50 trials) significantly increased the trials to criterion in the EDS 2 . Here, we include multiple intra-dimensional shifts, in an effort to "overtrain" and ensure the formation of an attentional set on the relevant dimension, in agreement with Bissonette et al. 6 . Additionally, Garner et al. limited testing sessions to approximately 1 hr (or when the mouse no longer responded) 2 , whereas we have found that C57BL6/J mice adequately and reliably progress through all four stages presented to them each day within approximately a 2 hr period (for control mice). Although, potential differences in motor ability between experimental groups should be considered when interpreting performance. Our procedure restricts the time and labor investment to 17 days for each animal from the start of handling through the completion of testing. It is recommended that an individual experimenter limit the number of mice tested in a single day to no more than 2 (this can be modified based on individual experimenter ability and experience), which allows a single experimenter the ability to complete testing on at least 6 mice per week. If motor function is mildly impaired, the length of each trial can be increased, as correct responding, not speed of responding, is the key dependent variable.
Visual discrimination paradigms similar to those that have been used to assess cognitive performance in non-human primates have recently been adapted for use in rodents, and can be used as an alternative to the odor and medium discrimination tasks described here. This approach may be necessary if significant differences in olfactory discrimination are present between experimental groups of mice. Brigman et al. have shown that mice readily discern compound visual stimuli in an ID and ED shift paradigm 15 . While this automated method better represents the test employed to study prefrontal cortex dysfunction in humans and non-human primates, the cost of the operant chambers and touchscreens required to perform this automated test in mice can be prohibitive.
It is recommended that behavior be performed as consistently as possible for each mouse, i.e., habituation, training and testing should be performed at the same time of day for each animal. Furthermore, the behavior room should remain unchanged throughout the experiment, making the use of shared/community space problematic due to uncontrollable traffic flow, odor introduction, etc. If animals are to be transported from a housing room to a remote behavior room (as is the case here), the same route should be taken each time. The behavior room should be in an area where the experimenter and the animals will not be disturbed during the testing procedure. If multiple experimenters are performing the task in the same room, entry and exit from the room should be as limited as possible to avoid any loud noises or disruption which may increase the stress or anxiety of the animal during testing. Additionally, experimenters should be careful in removing and replacing the start gate as well as the pots into and out of the chamber so as to create as little noise and disruption as possible. Experiments performed in rats have demonstrated that AST performance can be disrupted by various stressors.
Scenting of the pots should be performed each week and on the same day each week, at least 2 days prior to the first testing day. It is recommended that the pots are scented in a well-ventilated area outside of the area where the test is to be performed (e.g separate laboratory, hallway, fume hood). This will help to avoid cross contamination of the scents and will avoid confusing the mice with scents that are not part of the test. Additionally, prior to and during testing, strong scents which may distract the animal from the discrimination (i.e., consumption of gum or coffee immediately prior to testing, strong perfume/deodorant, etc.) should be avoided for the aforementioned reason. Should experimenters desire to use alternate digging medium than what is described in this protocol, it is recommended that the medium be of similar density and weight to that described here (excessive weight/density makes it difficult for the mouse to dig adequately). For example, we found that small plastic beads were not suitable because they were difficult for the mice to push aside. Additionally, any media with a very strong scent (e.g., rubber strips and some plastic material) is not suitable as it may interfere with the ability to detect the scents being tested.
Training and testing of an individual mouse should be performed by a single experimenter, however acclimation can be done by any experimenter as long as they have participated in handling. All pots to be used in the four stages performed each day should be within reach so as to limit the amount of time the animal is in the waiting area between stages. This will help maintain the attention of the mouse on each task. Furthermore, once testing has begun it is important not to stop until the completion of the tasks for that day of testing (i.e., all 4 stages for each testing day must be completed in succession).
In conclusion, the protocol described here provides detailed methodological instructions for effective utilization of the AST to measure prefrontal cortical-dependent cognitive function in mice, including description of data analysis and potential caveats. A variety of mouse AST methods are reported in the primary literature, each with its own distinct procedural detail. The unique coupling of both text-based and visual information will be particularly helpful for researchers attempting to incorporate this powerful behavioral assay into their scientific repertoire.
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